The objective of this study was to investigate whether males who were born preterm took longer to receive a Duchenne muscular dystrophy diagnosis than term males. Data for males with Duchenne muscular dystrophy identified through a population-based surveillance system were analyzed using a Kaplan-Meier estimator. The first signs and symptoms were noted at a median age of 2 years in both groups. Median age when first signs and symptoms prompted medical evaluation was 2.59 years among preterm and 4.01 years among term males. Median age at definitive diagnosis was 4.25 years and 4.92 years for preterm and term males, respectively. Neither difference was statistically significant. Preterm males tended to be seen for their initial medical evaluation earlier than term males, though they were not diagnosed significantly earlier. It may take clinicians longer after the initial evaluation of preterm males to arrive at a Duchenne muscular dystrophy diagnosis.
are vulnerable to a wide array of long-term conditions such as neurodevelopmental disabilities (cerebral palsy, impaired coordination, and motor planning problems), cognitive impairment, visual and hearing impairments, behavioral and socioemotional disorders, and poor health and growth. 13 We hypothesized that preterm males with no family history of Duchenne muscular dystrophy at birth may have their diagnosis delayed beyond the lag from identification of first signs and symptoms to diagnosis observed in term males with no family history of Duchenne muscular dystrophy at birth. This delay could be the result of health care providers attributing the developmental and neurologic symptoms to prematurity rather than considering other diagnoses, such as Duchenne muscular dystrophy. To address these hypotheses, our study compared males with Duchenne muscular dystrophy who were born prematurely to those born at term regarding (1) the timeline of diagnostic steps; (2) the appearance of first signs and symptoms; and (3) the medical evaluation steps that led to the definitive diagnosis.
Materials and Methods

Study Design
We conducted a retrospective cohort study to evaluate and compare the characteristics and timing of diagnostic and medical evaluation steps between males with Duchenne muscular dystrophy with no family history of dystrophinopathy at birth who were born premature to those born at term.
Study Population and Data Sources
Males with Duchenne muscular dystrophy were identified through the Muscular Dystrophy Surveillance Tracking and Research Network. The surveillance methodology has been described by Miller et al. 14 Briefly, the Muscular Dystrophy Surveillance Tracking and Research Network is a multisite surveillance system that includes individuals with Duchenne or Becker muscular dystrophy born on or after January 1, 1982, and on or before December 31, 2011, and who resided in the states of Arizona, Colorado, Iowa, Georgia, Hawaii, and a 12-county area in western New York State during any part of that time period.
The males with Duchenne or Becker muscular dystrophy in the Muscular Dystrophy Surveillance Tracking and Research Network cohort were identified both prospectively and retrospectively as having a childhood-onset dystrophinopathy and were diagnosed before their 21st birthday through neuromuscular clinics, hospitals and hospital discharge databases, private physicians, service sites for children with special care needs, and birth defects surveillance programs. Data abstraction began in 2004 in Arizona, Colorado, Iowa, and western New York State, in 2005 in Georgia, and in 2008 in Hawaii.
Trained personnel reviewed and abstracted the birth certificates and medical records of individuals and conducted annual follow-up abstraction until December 2011, time of death, or the time they moved outside of the site for cases identified before September 1, 2011. Individuals identified between September 2011 and December 2011 were followed through December 2012 to ensure at least 1 year of follow-up for all cases. Abstractors collected data about demographic characteristics including date and place of birth, gestational age at birth, residential history, diagnostic characteristics and medical history (including earliest signs and symptoms), signs and symptoms that prompted first evaluation, diagnostic tests such as creatine kinase, muscle biopsy, genetic test (DNA), and family history of muscular dystrophy. Supplemental Table 1 displays the distribution of the genetic test methods as reported in the medical records. For more than 50% of cases, Polymerase Chain Reaction and/or Southern Blot were used for diagnosis. Supplemental Table 2 shows the distribution of DNA mutation types reported in the medical records grouped by preterm/term status and definite/probable diagnosis of Duchenne muscular dystrophy. For more than half of the definite Duchenne muscular dystrophy cases (term and preterm), genetic mutation consisted of deletions.
In addition, abstractors identified the person who noticed the earliest signs and symptoms, the provider who evaluated the child and the action taken as a result of the evaluation. Data collection was approved by the Institutional Review Board at University of Arizona and the Hawaii Department of Health and through public health authority in Colorado, Georgia, Iowa, and western New York. Clinical data for each case were reviewed by a neuromuscular physician and assigned a case definition: definite, probable, possible, asymptomatic, or female.
We included in our analysis males with a definite or probable dystrophinopathy diagnosis. 15 A case was categorized as definite if clinical symptoms referable to a childhood-onset dystrophinopathy were documented, and 1 or more of the following criteria were met: a positive genetic test for dystrophin mutation; a muscle biopsy demonstrating abnormal dystrophin; or an elevated creatine kinase, family history of an X-linked dystrophinopathy, and an affected family member with a positive muscle biopsy or a dystrophin mutation. Cases with documented clinical symptoms referable to a dystrophinopathy, elevated creatine kinase, and a family history of X-linked dystrophinopathy but no confirmatory genetic testing were classified as probable. The identification of a definite case of muscular dystrophy does not necessarily imply a Duchenne muscular dystrophy case phenotype. For example, a definite case in the Muscular Dystrophy Surveillance Tracking and Research Network data could have a Becker muscular dystrophy phenotype. To further identify definite Duchenne muscular dystrophy cases, individuals were considered to have the condition if they met 1 or more of the following criteria: (1) ambulation ceased prior to age 12, or prior to age 16 and 2 years of continuous steroid treatment prior to the cease in ambulation; (2) a dystrophin quantity at 5% or less on a Western Blot test, or a confirmed out-offrame genetic mutation; or (3) onset of motor symptoms prior to age 5. Figure 1 shows the exclusion criteria used to derive the study cohort. We excluded females and individuals whose sex was not known, individuals with Becker muscular dystrophy, pregnancy terminations, nonclassifiable muscular dystrophy phenotypes, cases classified as asymptomatic or possible, cases with missing data on birth characteristics, residents of Hawaii due to incomplete case ascertainment and follow-up, cases with family history of dystrophinopathy at birth, siblings of first born males with Duchenne muscular dystrophy, and cases not born in Muscular Dystrophy Surveillance Tracking and Research Network site catchment areas. We excluded the siblings of older males with Duchenne muscular dystrophy because we were interested in males with no known family history of dystrophinopathy at birth. Also, we excluded males not born in Muscular Dystrophy Surveillance Tracking and Research Network site catchment areas because these cases had incomplete medical history data. The final analytic sample consisted of 325 males with Duchenne muscular dystrophy (living or deceased as of December 31, 2011), of which 7 were very preterm (28-31 weeks' gestation), 23 were moderate preterm (32-36 weeks' gestation) and 295 were born at term. While this is a small total number of very preterm births, it comprises 23.33% of all preterm births included in the study sample. Nationally, very preterm births (28-31 weeks' gestation) comprise 10.02% of all preterm births (28-36 weeks' gestation). 16 Because of small number of very preterm males with Duchenne muscular dystrophy in our analytic sample, and consequently imprecise estimates, for analysis we combined the very preterm and moderate preterm cases in 1 group.
Variables
We analyzed individual's ages at the following events: earliest mobility signs and symptoms, medical evaluation prompted by the first signs and symptoms, first visit to a neuromuscular clinic, and first abnormal diagnostic tests (creatine kinase, muscular biopsy, and DNA test). We determined the age at definitive diagnosis to be the minimum value of the age at first abnormal creatine kinase, age at muscle biopsy, and age at DNA test. Also, we calculated the overall time elapsed between age at earliest signs and symptoms and age at definitive diagnosis, age at first signs and symptoms and age at initial medical evaluation, and age at initial medical evaluation and age at definitive diagnosis. To assess the medical evaluation steps, we analyzed motor/mobility and non-motorrelated symptoms (gait problems, gross motor delay, muscle symptoms, nonmotor/neurologic), the individual who noticed the early signs and symptoms, the provider who evaluated the child, and actions taken as a result of the evaluation.
Statistical Analysis
None of the age distributions for preterm males with Duchenne muscular dystrophy at various diagnostic steps were normally distributed. Therefore, we assessed medians and interquartile ranges and used the Wilcoxon rank-sum test to compare medians between preterm and term males with Duchenne muscular dystrophy. We computed frequency counts and percentages for categorical variables and used Fisher exact test to compare the distributions of categorical variables between preterm and term males.
We used Kaplan-Meier survival curves to compare the time elapsed between the following events among preterm and term males: (1) age at first signs and symptoms and age at definitive diagnosis; (2) age at first signs and symptoms and age at first clinical evaluation; and (3) age at first clinical evaluation and age at definitive diagnosis. We used the log-rank test to assess differences between the survival curves for preterm and term males. The significance level for all statistical tests was set to a ¼ 0.05. Data management and analyses were conducted using SAS 9.3 software. Table 1 displays the distribution of race/ethnicity and state of residence for preterm and term males. Most of the preterm and term males with Duchenne muscular dystrophy were white. Preterm and term males with Duchenne muscular dystrophy showed no statistically significant difference in the distribution of race/ethnicity or state of residence.
Results
Medians and interquartile ranges for age at various diagnostic steps are shown in Table 2 . Among preterm males with Duchenne muscular dystrophy, median age was under 5 years at all diagnostic steps, whereas among term males, median age at first visit to a neuromuscular clinic, and median age at DNA test and muscle biopsy was above 5 years. We did not detect any statistically significant difference in median age at various diagnostics steps between preterm and term males with Duchenne muscular dystrophy.
We observed an overall time lag between the median age at first signs and symptoms and median age at the definitive diagnosis (2.25 years among preterm and 2.91 years among term males with Duchenne muscular dystrophy); however, the Kaplan-Meier survival curves were not statistically different from each other (Figure 2 ). Also, we observed a time lag between median age at first signs and symptoms and median age at first medical evaluation (0.59 years among preterm and 2.00 years among term males with Duchenne muscular dystrophy), and between median age at first medical evaluation and median age at definitive diagnosis (1.66 years among preterm and 0.91 years among term males with Duchenne muscular dystrophy). The Kaplan-Meier curves were not statistically significantly different for these outcomes (Figures 3 and 4) . Table 3 displays the distribution of the first signs and symptoms as abstracted from the medical records and the distribution of the variables that describe the medical evaluation process for concerns about first signs and symptoms. Among preterm males with Duchenne muscular dystrophy, gross motor delay and muscle symptoms were documented at a slightly lower percentage than among term males (93% vs 98%), the family or the primary caregiver was the person who noted the first concern at a lower percentage than among term males (43% vs 60%), and a pediatrician or a therapist (speech, occupational or physical) was generally first to evaluate these infants. With respect to referral action taken as the result of the first evaluation, preterm males were seen by physicians of various specialties at a higher percentage than term males (40% vs. 13%), and a lower percentage of preterm males were referred for laboratory tests (27% vs. 36%) or various therapies (17% vs. 25%). However, differences in the medical evaluation process between preterm and term males with Duchenne muscular dystrophy were not statistically significant.
Discussion
We conducted a descriptive study to investigate whether a history of preterm birth would be associated with additional delays in diagnosing Duchenne muscular dystrophy. This was done by investigating males with no family history of Duchenne muscular dystrophy in the Muscular Dystrophy Surveillance Tracking and Research Network surveillance project. We found that the median age at first signs and symptoms was not significantly different between preterm (2.00 years) and term males (2.01 years) with Duchenne muscular dystrophy, and was similar to the median age observed by Araujo et al 9 among 78 patients with confirmed diagnosis of Duchenne muscular dystrophy (2 years, range 0.5-8). In a study conducted on 68 males with Duchenne muscular dystrophy born in Eastern Austria, Hauser et al 17 reported a mean age at first signs and symptoms of 3.1 years, standard deviation (SD) ¼ 1.1. In our study, the first signs and symptoms consisted of a combination of gait problems, gross motor delay and muscle symptoms. A lower percentage of males had nonmotor or neurologic symptoms; however, the distribution of these symptoms was similar between preterm and term males with Duchenne muscular dystrophy. Similarly, Araujo et al 9 reported that late onset of walking and walking difficulties were the first abnormalities recognized by family members in their study population.
For preterm infants, these signs and symptoms led to initial medical evaluations at a younger median age (2.59 years) than term males (4.01 years), but this difference was not statistically significant (P ¼ .07). Our estimates differ from and could not be directly compared to findings by other authors as these studies reported mean age and range or SD. For instance, in the study by Mohamed et al 18 conducted on 21 boys, the mean age at first specialist (non-general practitioner) visit was 1.9 years, range 1.3-4.2. Crisp et al 8 reported that 51% of 31 patients with Duchenne muscular dystrophy sought medical evaluation before the age of 3 years. In the study by Hauser et al, 17 the mean age at first presentation to a physician was 4.8 years, SD ¼ 2.0.
In the present study, gross motor delay and gait problems were the 2 major symptoms that prompted initial medical evaluation among both preterm and term males. Similar findings were reported by Marshall et al, 19 who observed that 42% of their patients reported an inability to match motor achievements of peers, whereas 30% reported gait problems. The higher percentages observed in our study are likely due to the fact that these signs and symptoms were not recorded in the medical records as being mutually exclusive. In our study, the first concern was noted by family/primary caregiver in a slightly higher proportion among term males with Duchenne muscular dystrophy than among preterm males. Mohamed et al 18 and Bushby et al 7 also reported that in most of the cases, family members and/or teachers, not health professionals, expressed the initial concern.
In the current study, it was predominantly pediatricians or various therapists (speech, occupational, physical, and rehabilitation medicine) who evaluated preterm males for the first concern. The initial medical evaluation among preterm males resulted in referral to a specialist (orthopedic, pediatrician, gastroenterology, neurology) who may not have ordered a creatine kinase screening test as the first step in definitive diagnosis, whereas a higher percentage of term males were referred to laboratory tests compared to preterm males, though this difference was not statistically significant. The time elapsed from first signs and symptoms to initial evaluation was 0.59 years among preterm and 2.00 years among full-term males. The length of the time lag did not differ significantly between the 2 groups, but it appears that preterm males with Duchenne muscular dystrophy were evaluated sooner, suggesting that they may have been under closer medical scrutiny because of their preterm status. We identified 2 other studies who reported a slightly longer delay in diagnosis after initial medical evaluation. Marshall et al 19 observed a mean time lag between presentation to a medical practitioner and definitive diagnosis of 1.92 years, whereas Read et al 20 reported that the average time from first presentation to a doctor to definitive diagnosis was 2.0 years, range 0 to 6.
In our study, the suggestion of an earlier evaluation in the preterm group did not result in earlier diagnosis of Duchenne muscular dystrophy. We found that the median age at definitive diagnosis was similar between preterm and full-term males with Duchenne muscular dystrophy, 4.25 years and 4.92 years, respectively. The time to diagnosis after initial evaluation was longer for the preterm males (1.66 years) than it was for term males (0.91 years). Although these differences were not statistically significant, they suggest that motor and muscle symptoms were more likely attributed to prematurity, with other diagnoses not being pursued as aggressively. A higher median age at diagnosis of 7 years, range 1.75-12, was reported by Araujo et al. 9 Other studies reported mean ages at diagnosis that varied as follows: 3.2 years (range 0.4-6.8), 18 4.7 years (range 2-8), 8 4.8 years (range 1.33-8.25), 7 5.1 years (SD ¼ 2), 21 5.2 years (range 1.5-9), 20 and 5.5 years (SD ¼ 1.7). 17 
Strengths
To our knowledge, this is the first study that investigates potential diagnosis delays among preterm males with Duchenne muscular dystrophy. These findings supplement the results reported by Ciafaloni et al 3 using the same source of data. Muscular Dystrophy Surveillance Tracking and Research Network is a populationbased cohort identified through neuromuscular clinics, hospitals and hospital discharge databases, private physicians, service sites for children with special care needs, and birth defects surveillance programs. Data were obtained through abstraction of medical records and therefore are not subject to recall bias. Clinical data were reviewed by neuromuscular physicians who assigned case definition consistently across all participant sites.
Limitations
Because the participant sites in the Muscular Dystrophy Surveillance Tracking and Research Network cohort were not randomly selected, our findings may not be representative of the entire Duchenne muscular dystrophy population in the United States. To evaluate whether our study sample obtained by exclusion of cases not born in the Muscular Dystrophy Surveillance Tracking and Research Network sites is representative for the Muscular Dystrophy Surveillance Tracking and Research Network cohort, we compared the distribution of sociodemographic characteristics between selected study subjects and the cohort that included males not born in Muscular Dystrophy Surveillance Tracking and Research Network sites. We observed similar distribution of race/ethnicity (P ¼ .20) and state of residence (P ¼ .62) (Supplemental Table 3 ). Because of the small number of preterm males with Duchenne muscular dystrophy in our study, we did not have enough statistical power to reduce uncertainty in the estimates while testing for differences in median age at various diagnostic steps or in length of the delay between preterm and term males with Duchenne muscular dystrophy.
Conclusions
Preterm males with no family history of Duchenne muscular dystrophy may be slightly older at diagnosis than term males with no family history of Duchenne muscular dystrophy, but the difference in these median ages is not statistically significant. However, it appears that preterm males with Duchenne muscular dystrophy are evaluated sooner after the onset of the clinical symptoms, but that it may take the physicians longer to arrive at a Duchenne muscular dystrophy diagnosis compared to term males. The length of time to reach a Duchenne muscular dystrophy diagnosis has not improved in the past 20 years, and may well continue, given that some professional societies have still not included early creatine kinase screening in their recommendations for males presenting with motor delay. 3, 10 The timing of Duchenne muscular dystrophy diagnosis has implications for both the child and the family. Early diagnosis allows timely genetic counseling and assessment of carrier status. In addition, early diagnosis helps with avoiding unnecessary diagnostic procedures and tests. Given the progressive decline in muscle function, early diagnosis allows timely initiation of appropriate treatment and implementation of multidisciplinary strategies known to maximize positive outcomes.
